Little is known about how the relationship between chronic disease, impairment, and disability has changed over time among older adults.
D isability prevalence among older adults has declined despite an increase in chronic disease prevalence in the past 20 years. [1] [2] [3] [4] Chronic conditions including diseases such as diabetes and congestive heart failure (CHF), and impairments, such as cognitive and visual impairment, are common precursors for developing disability. [5] [6] [7] Prior research has shown that certain diseases may increase the likelihood of developing certain disabilities, for example, arthritis may lead to disability due to difficulties in mobility, 8 and stroke may lead to disability through different mechanisms. 9 For diabetes, disability may arise from secondary consequences of diabetes such as diabetic retinopathy and other complications of diabetes. 10, 11 Using a physiological framework of understanding disability, 12, 13 Fried et al 14 examined the cross-sectional relationship between chronic diseases and impairments and disabilities and found that certain diseases were associated with disability of different types of tasks, such as arthritis with mobility tasks and stroke with complex instrumental activities of daily activities (ADL) tasks.
Although there has been a large body of literature on trends of chronic disease and disability, little has been done examining how the association of specific chronic disease and specific domains of disability has changed over time. The relationship of chronic diseases, impairments, and disability on a population level may have changed over time, considering that (1) prevalence of chronic diseases and obesity have been rising; (2) changes have occurred in the diagnosis of diseases such as changes in diagnostic criteria and improvements in diagnostic tools [15] [16] [17] ; and (3) management of chronic diseases have occurred, such as changes in treatment thresholds and targets in diabetes and hypertension, [15] [16] [17] and improved treatment of cancer. 18 If specific chronic diseases are found to be more likely to lead to disability over time, strategies to target disability prevention can focus on determining the underlying mechanisms that lead to an increased risk among these patients. Further understanding of how diseases and impairments have changed in its relationship with disability may improve targeted efforts to prevent disability caused by specific diseases and impairments.
Therefore, our objectives were to use a nationally representative sample aged 65 and over and examine whether the association of diseases and impairment with disability has changed over time. This information could provide insight into the changing trends of diseases and disability, and how they are related to one another. The Health And Retirement Study (HRS), 19 which is a nationally representative survey of older adults in the United States, surveys adults with multiple impairments and disability, and thus, offers a unique opportunity to examine their associations with chronic diseases.
METHODS
The HRS 19 is a national longitudinal survey of US adults at or near retirement age sponsored by the National Institute on Aging and conducted by the Institute for Social Research at the University of Michigan. The study was designed to investigate the experience of aging among older adults as they advance from work to retirement with emphasis on the trajectories of economic and physical wellbeing. The initial wave of the HRS conducted in 1992 comprised the core sample of the HRS and included 12,652 community-dwelling adults between the ages of 51 and 61 or their spouses, regardless of age, collected through in-home interviews. The sample was combined in 1998 with the Asset and Health Dynamics among the Oldest Old Study, 20, 21 which is a survey of a nationally representative sample of persons who were born in 1923 or before, and supplemented by a birth cohort between original HRS and Asset and Health Dynamics among the Oldest Old Study cohorts to fully represent all age groups of the US older adult population. Subsequent waves were supplemented with new birth cohorts every 6 years. A full description of the procedures used in the HRS surveys has been published previously. 19 The survey data are publicly available and do not contain any unique identifiers. Because certain impairments related to aging were only asked among adults over 65 years, we only included older adults who were at least 65 years of age at the time of the interview. Data from 3 waves of interviews were collated for the present analysis: 1998, 2004, and 2008.
Chronic Disease and Impairment Definition
In each wave, respondents were asked to self-report whether they had ever been told by their physician that they had any of the several chronic diseases and impairments. Proxy respondents were surveyed if the respondents were not able to participate in the survey. Chronic diseases surveyed in all 3 waves of the HRS studied included hypertension, heart conditions (which included coronary heart diseases, arrhythmias, and other diseases of the heart), CHF, chronic lung disease (such as chronic bronchitis or emphysema, but not asthma), diabetes, stroke (which included transient ischemic attack), cancer (or a malignant tumor of any kind except skin cancer), and arthritis. Regarding the categorization of CHF, respondents were first asked if they had any heart conditions, and they were asked whether they had CHF if they reported "yes." For impairments, the HRS measures impairments using self-report for vision and hearing, whereas cognitive impairment is measured through a 35-item cognition instrument, similar to Telephone Interview of Cognitive Status, which has been validated and used for measuring cognition. 22 To define severe cognitive impairment, we used a cutoff score of r8, which has been previously used for prior studies, because it was consistent with other estimates of the prevalence of dementia. 23 In addition, for respondents who were unable to complete the survey and had proxy respondents, proxy reports of fair or poor memory were considered to be indicative of cognitive impairment of the respondent, as has been done in prior research. 24 The measure for visual and hearing impairment is a question, which asked respondents to self-rate their vision on a scale of excellent, very good, good, fair, or poor. We used a similar approach as that of prior studies 25 in defining visual impairment as fair or poor eyesight or blindness despite the use of glasses or corrective lenses as usual and hearing impairment as fair or poor hearing despite the use of a hearing aid as usual.
Disability Definition
In each wave, respondents were asked to self-report whether they had difficulty with any of several ADL and instrumental ADL IADL. The following ADLs were surveyed in each of the 3 survey waves: bathing, dressing, eating, toileting, and transferring; and the following instrumental ADLs were surveyed: using the telephone, managing money, managing medications, grocery shopping, and preparation of meals. In addition, respondents were asked whether they have difficulty walking 1 block, climbing 1 flight of steps, and lifting and carrying 10 pounds. We characterized respondents as having disability in a task if they reported difficulty. In addition, respondents who reported that they could not or did not perform the task due to health or memory problem, were also characterized as disabled in the task. We categorized disability into separate domains-disability related to mobility, complex tasks, or self-care tasks-according to Fried et al 13 using a physiological approach. Each disability measure was dichotomized to the presence or absence of disability in each domain. Disability in mobility tasks was present if a respondent had difficulty in walking 1 block, walking across the room, climbing 1 flight of stairs, lifting and carrying 10 pounds and transfer. Disability in complex tasks included using the telephone, managing money and medications, grocery shopping, and meal preparation. Disability in self-care tasks included bathing, dressing, eating, and using the toilet. We did not include disability in upper extremity tasks because the question on upper extremity function in HRS was not similar in construct to Fried's framework, and the availability of only 1 question on upper extremity function limits the robustness of the measure.
Other Variables
Several other sociodemographic variables were included in our analyses, which included age, sex, race, marital status, and education. We categorized race into categories of non-Hispanic white, blacks, Hispanic, and other; marital status into categories of married and not married; and education into categories of under eighth grade education, eighth to 11th grade education, high school education, and beyond high school education. We also included obesity, defined by body mass index at or above 30, and current smoking status as indicators of body size and health behaviors.
Statistical Analysis
Respondent characteristics were summarized for each wave of the HRS: 1998, 2004, and 2008. Next we described the prevalence of chronic diseases, impairments and disability in each wave. We then used weighted w 2 test with Wald distribution to test group differences in proportions and 1-way ANOVA F test for continuous variables applying sampling weights. We then examined the association of chronic diseases and impairments with each disability (mobility, complex tasks, and self-care) in each wave using logistic regression models, adjusting for sociodemographic factors. We also tested for collinearity among variables by examining correlation between variables and calculating variation inflation factors; we did not find a significant collinearity. To adjust for multiple comparisons, we constructed 99% confidence intervals around each point estimate of odds ratios. We then analyzed the data as a collated sample when examining time interactions. We tested for time interaction across waves using hierarchical logistic regression models with random intercept accounting for repeated measures to determine whether relationships between dependent and independent variables have changed over time. All analyses were performed using Stata version 11.0 (Stata Corp. LP, College Station, TX). Because the HRS is a publicly available anonymous data source, our study was exempted from review by the Mount Sinai Institutional Review Board.
RESULTS
A total of 10,390, 10,621, and 10,557 respondents were included in 1998, 2004, and 2008, respectively. These included 17,723 unique individuals who participated in any of the 3 waves in the sample-4866 of whom participated in all the 3 waves, 5772 participated in 2 of the 3 waves, and 7085 participated in 1 wave. Among all 3 survey waves, the average age was 74.6, 57.3% were women, 89.5% were white, and 55.1% were married and there were no substantial differences in age, sex, race, and marital status across these 3 waves. 10.9% of respondents were smokers in 1998, which changed to 9.3% in 2004, and 10.1% in 2008. Education levels and obesity rate increased in the subsequent survey years, from 33.1% completing an education above high school in 1998 to 40.3% in 2008, and for obesity, from 18.2% in 1998 to 26.0% in 2008. Chronic disease prevalence including hypertension, diabetes, heart failure, chronic lung disease, arthritis, and cancer, increased from 1998 in 2008 except for heart conditions and stroke, which remained stable (Table 1) . For impairments, both cognitive and visual impairment declined in prevalence, whereas prevalence of hearing impairment increased initially before declining as of 2008. Prevalence of mobility disability remained stable throughout the 3 waves. Disability in complex tasks showed a trend toward a decline from 17.8% in 1998 to 16.6% in 2008 (P = 0.06). For self-care ADL, prevalence declined initially from 1998 to 2004, but increased again in 2008.
Association of Disability With Chronic Disease and Impairment
Mobility disability was associated with all chronic diseases and impairments included in our sample, although to different degrees. Among chronic diseases, stroke was most strongly associated with mobility disability in 1998respondents with stroke were 2.6 times [99% confidence interval (CI), 2.1-3.2] more likely to have mobility disability compared with those who did not ( Table 2 ). This was followed by CHF [odds ratio (OR) = 2.5; 95% CI, 1.7-3.6], chronic lung disease (OR = 2.4; 99% CI, 1.9-2.9), and arthritis (OR = 2.2; 99% CI, 1.9-2.5). Among impairments, cognitive impairment was most strongly associated with mobility disability (OR = 2.5; 99% CI, 1.8-3.3), followed by visual impairment (OR = 1.9; 99% CI, 1.6-2.1). No association between any of the chronic diseases or impairments examined and mobility disability were significantly different over the study period (P > 0.14).
For disability in complex tasks in 1998, chronic diseases most strongly associated were stroke (OR = 3.0; 99% CI, 2.5-3.7), followed by chronic lung disease (OR = 1.7; 99% CI, 1.4-2.1) and CHF (OR = 1.6; 99% CI, 1.1-2.2) ( Table 2 ). Cognitive impairment was most associated with disability in complex tasks (OR = 9.2; 95% CI, 6.9-12.2), followed by visual impairment (OR = 2.0; 95% CI,1.7-2.4). No association between any of the chronic diseases or impairments examined and disability in complex tasks were significantly different over the study period (P > 0.27), except for the association between hypertension and disability in complex tasks, which weakened from an OR of 1.2 in 1998 to 1.0 in 2008 (P = 0.02).
For disability in self-care ADL, chronic diseases most associated with it followed a similar pattern in complex tasks, where stroke (OR = 2.6; 99% CI, 2.1-3.2) was most associated, followed by arthritis (OR = 2.4; 99% CI, 2.0-2.8) and CHF (OR = 1.7; 99% CI, 1.2-2.3) ( Table 2 ). Cognitive and visual impairment were both strongly associated with self-care disability with ORs of 3.2 (99% CI, 2.5-4.2) and 2.1 (99% CI, 1.8-2.4), respectively. Although no association between any of the impairments examined and self-care disability was significantly different over the study period (P > 0.13), the association between several chronic diseases and self-care disability was significantly different. The association between hypertension and self-care disability weakened over time, from an OR of 1.3-1.0 (P = 0.03). In contrast, the association between diabetes and chronic lung disease and self-care disability both strengthened over time from 1.2 to 1.5 (P = 0.03) and 1.6 to 2.1 (P = 0.02), respectively.
DISCUSSION
Our analysis of recent concurrent trends in chronic disease, impairment, and disability suggests that changes in the relationship between disease and disability were not uniform. Rather, certain diseases such as diabetes and lung disease have become more strongly associated with disability, whereas hypertension has become less associated. Our findings suggest that different diseases may have varying effects on disability and that the effects may have changed in different ways over time.
Categorizing disability into different domains based on types of tasks allowed us to examine the differential effects of chronic diseases and impairments on disability. Prior studies using different populations 13, 14, [26] [27] [28] have highlighted the contributions of different diseases to disability, although the relative contributions of each disease may vary based on the disease conditions included and population variations. In our study, multiple chronic diseases including stroke and CHF, were consistently associated with multiple domains of disability. As expected, arthritis was also a significant contributor to mobility disability and self-care ADL. The strongest effect observed in our sample was between cognitive impairment and complex ADL disability, which was consistent throughout the period.
Our work adds to prior literature about disease and disability by examining whether changes have occurred over time. Although it could be argued based on previous literature that disability has declined over time and that diseases have increased and thus association between diseases and disability should have weakened, it has not been examined directly and under a framework to understand how the association of specific domains of disability and chronic conditions have changed over time. Our finding that different diseases have different changes in their association with disability over time suggests that these changes may be disease specific and multifactorial. Indolent conditions, such as hypertension, likely have a time lag between disease onset and clinical consequences and may not lead to impairment in most cases; thus, it is not surprising that the recent increase in the prevalence of disease is associated with a weakened relationship with disability. Of note, the association between hypertension and disability may or may not be causal. The association may be driven by other diseases associated with hypertension or by other factors, such as increased diagnosis of hypertension because of increased utilization among disabled persons. However, for diseases, which may have Our study has several strengths. First, we used a nationally representative database, which contains data on chronic diseases, impairments, and disability, allowing for the most up-to-date examination of trends and associations. The use of a large sample allowed for the examination of independent effects of diseases and impairments on disability. However, our study has limitations as well. First, in order to use sampling weights to estimate nationally representative prevalence rates for all 3 survey waves, we limited our study to community-dwelling respondents and excluded respondents residing in nursing homes. Second, a limitation of the study given the observational design is that we are unable to determine cause and effect among the relationships between chronic diseases, impairments, and disability. In our models, we examined the independent effects of multiple different individual chronic diseases on disability. We did not, however, include interaction variables or test for effect modification of multiple different combinations of diseases and conditions, because for this examination to be clinically relevant, it needs to be based on additional conceptual frameworks to categorize multiple chronic diseases, especially as disability was examined in separate domains based on a physiological approach. This is an area of interest for future research. Third, because questions on different chronic diseases included no indication of severity or had different severity scales, which could not be standardized, we were limited to using self-reported personal history as a marker of disease. Fourth, for chronic diseases that increase mortality risk, our calculations may underestimate the magnitude of any association between these conditions and disability, making our estimates conservative. Fifth, we did not include psychiatric diseases in our analysis because the self-report of this condition included a heterogeneous array of diseases, which can include general anxiety, depression, and schizophrenia, and thus the variable is less well defined. We acknowledge that this is a limitation particularly as we consider that certain psychiatric diseases can be related to disability. Finally, our measures of chronic disease, impairment, and disability were based on self-report of conditions. The HRS provides unique longitudinal survey data to identify population health trends. Although the specific survey items on HRS have not been directly compared with other methods of measurement such as physician documentation, prevalence estimates using these items have been benchmarked against other national survey such as the National Health Interview Survey 29 and have been shown to be good correlates for symptoms and health status. 30 Furthermore, in populationbased cohorts, self-reporting of health conditions is an accepted methodology for large, nationally representative survey for which detailed chart review is not feasible and the concordance between self-report and medical record review is generally good (k = 0.60). 31 Although the survey is limited by its use of self-report, to ascertain chronic disease, impairment, and disability, prior studies have suggested that self-report provides accurate prevalence estimates for all 3. [32] [33] [34] [35] An important goal of managing chronic diseases is maximizing longevity with less disability. Disability, despite declines in prevalence for certain domains, continues to be a substantial burden among older adults. Chronic diseases continue to be strongly associated with disability and some associations have strengthened over time. As care for older adults with chronic diseases is changing rapidly in the nation with emerging models of care, it is important to highlight the relative importance of specific chronic diseases in relation with disability and its changes over time such that transformations in care can be designed to be in concordance with the needs of the population. Further studies are needed to examine in detail the mechanisms behind these changes, so that we can further understand how to reduce disability through targeted interventions for diseases and impairments.
